Simple correlation analysis indicates the degree of association between traits, but it can't provide reasons of association. Therefore, simple correlation coefficients are not always effective in determining the real relationships among traits. However, path coefficient analysis allows a more precise elucidation of the pattern of interaction of other known factors. It permits identification of Abstract: Coffee is the world's most widely traded tropical agricultural commodity next to oil and is the back bone to the Ethiopian economy. The associations between yield and its components offer important information for plant breeders. Hence, this experiment was conducted at Agaro research station, southwest Ethiopia, to determine the extent of correlations among yield and its related traits of 49 coffee accessions and to assess the direct and indirect effects of these traits on coffee yield. The experiment was conducted in simple lattice design with two replications. Data on yield and its components were recorded and analysis of variance, correlation and path coefficient analysis were performed. The result revealed that significant (P<0.05) differences among the coffee accessions for all traits except for percent of bearing primary branches, leaf area, bean thickness and rust incidence. All traits showed non significant correlation with coffee yield at phenotypic level. However, morphological traits, namely, average inter node length on stem, stem diameter, angle of primary branches, fruit length, fruit width and fruit thickness exhibited positive and significant (P<0.05) correlation with coffee yield at genotypic level and are important components to improve it. Besides, path coefficient analysis showed that average-inter nodes length on main stem, stem diameter, angle of primary branches, fruit length and fruit thickness having positive direct effects, exhibited positive significant genotypic correlation with coffee yield and these traits are important for direct selection to improve coffee yield. On the other hand, fruit width showed negative direct effect but positive and significant genotypic correlation with coffee yield and can be used for indirect selection. In conclusion, average inter node length of main stem, stem diameter, angle of primary branches, fruit length, fruit thickness and fruit width can be used as direct and indirect selection criteria to improve coffee yield. International Journal of Research Studies in Agricultural Sciences (IJRSAS) Page | 22 **= highly significant at (P<0.01) = 0.34, *= significant at P<0.05= 0.245, HUP= height up to first primary branch. TPH= total plant height, NMSN= number of main stem nodes, AILMS= average inter node length of main stem, SD= stem diameter, APB= Angle of primary branches, NPB= number of primary branches, ALPB= Average length of primary branches, NNPB= number of nodes of primary branches, AILPB= average inter node length of primary branches, NSB=Number of secondary branches, CD= canopy diameter, LL= leaf length, LW= leaf width, FL= fruit length, FW= fruit width, FT= fruit thickness, BL= bean length, BW= bean width, HBW= hundred bean weights, CBD =coffee berry disease, YD/tr= yield per tree.
INTRODUCTION
Coffee is the world's most widely traded tropical agricultural commodity (ICO, 2011), next to oil (Prakash et al., 2002) . It accounts for nearly half of the total exports of tropical products (FAO, 2009 ). In many producing countries, besides contributing a tremendous amount to the foreign exchange currency, it serves as a means of livelihood for millions of people (Steiger et al., 2002) . It contributes 25-30 % of the Ethiopian foreign currency earnings ((FDRE MOT, 2012) and supports the livelihood of more than 20 million people in the country (Gole and Senbeta, 2008) . However, the productivity is very low as compared to other producing countries.
The coffee yield is a complex character that can be determined by several components which reflect positive or negative effects upon this trait. The importance of using component selection criteria for high yielding genotypes was noted by Leroy et al. (1997) and Montagnon et al. (2001) . Thus, knowledge of the relationships between yield and its components is important for selecting or improving two or more variables contributing to yield. It is also important to examine the contribution of each of the various components in order to attract the attention to the one which has the greatest influence on coffee yield. direct and indirect causes of association and measures the relative importance of each character (Ariyo et al., 1987) . Therefore, it is desirable to know the direct and indirect effect of yield components on coffee yield as these traits could be useful indicators in breeding programs to select coffee genotype for higher yield.
Few researchers reported the association between yield and its components. For example, Olika et al. (2011) have reported significant and positive genotypic correlations of coffee yield with plant height, canopy diameter, percentage bearing primary branches, fruit length, hundred bean weight, leaf length, bean width and height up to first primary branches at genotypic level, but no significant correlation between yield and all its components at phenotypic level. Moreover, Gizachew and Hussein (2017) have reported that hundred green bean weight, stem diameter, canopy diameter, average length of primary branches, percent of bearing primary branches and leaf length had positive and significant correlation with coffee yield and they have also reported that among the different yield contributing traits, plant height, leaf length, leaf width, hundred green bean weight, percentage of bearing primary branches, stem diameter, average length of primary branches and coffee berry disease infestation influenced coffee yield directly and indirectly.
Despite information on path coefficient analysis in coffee is scanty, Seyoum (2003) reported that angle of primary branches and length of the longest primary branches exerted the highest direct effect on coffee yield. Besides, Ermias (2005) has also reported that number of main stem node followed by plant height and number of berry per node had the highest direct effect on coffee yield. Similarly, Lemi et al. (2017) have reported that plant height, canopy diameter and length of first primary branch had the highest positive direct effect on coffee yield and suggested that selection using these characters would be helpful to improve coffee yield in Arabica coffee.
However, phenotypic correlation, genotypic correlation and path coefficient analysis were not conducted for yield and its related traits on coffee accessions collected from Gomma Woreda. Thus, the objectives of this study were to estimate the phenotypic and genotypic correlations among coffee yield and its related traits and to see the direct and indirect effects of these traits on coffee yield.
MATERIALS AND METHODS

Description of the Study Area
The experiment was conducted at Agaro Station of the Jimma Agricultural Research Center, which is 45 km far from Jimma and 397 km from Addis Ababa. Agaro is located at latitudinal gradient of 7 0 50'35''-7 0 51' 00'' N and longitudinal gradient of 36 0 35'30''E with an altitude of 1650 m above sea level. The mean annual rainfall of the area is 1616 mm with an average maximum and minimum air temperatures of 28.4°C and 12.4°C, respectively (Elias, 2005) . The major soil type is Mollic Nit sols with pH of 6.2, organic matter 7.07%, nitrogen 0.42%, phosphorus 11.9 ppm, CEC 39.40 cmol (+)/kg (Zebene and Wondwosen, 2008).
Study Materials, Design and Management
Forty seven C. arabica L. germplasm accessions, which have been collected from the Gomma Woreda of Jimma Zone and two standard checks, were used for this study. The experiment was superimposed during the 2012 cropping season on six years old coffee trees, which were planted in July, 2006 and grown under uniform coffee shade trees (Sesbania sesban) conditions. The experiment was laid out in a 7x7 simple lattice design with two replications. Each plot was comprised of four coffee trees. Spacing between trees and plots was two meter and spacing between replications was 3 meter. All improved agronomic practices were applied uniformly according to the recommendations (Endale et al., 2008).
Data Collected
Data on 26 quantitative characters, namely: Height up to first primary branch (cm), total plant height (cm), number of main stem nodes (no), average inter node length of main stem (cm), main stem diameter (cm), angle of primary branches( deg), number of primary branches (no), average length of primary branches (cm), number of nodes of primary branches (no), average inter node length of primary branches (cm), percentage of bearing primary branches (%), number of secondary branches (no), canopy diameter (cm), leaf length (cm), leaf width (cm), leaf area (cm2), fruit length (mm) , fruit width (mm), fruit thickness (mm), bean length (mm), bean width (mm), bean thickness (mm), hundred bean weight (gm), yield per tree (kg), coffee berry disease (%) and rust incidence (%), were collected from each accession using the standard procedures ( IPGRI, 1996)
Data Analysis
Data of quantitative characters were subjected to analysis of variance (ANOVA) using SAS version 9.2 (SAS, 2008) to examine the presence of statistically significant differences among accessions. Twenty two characters, which showed significant differences among the accessions, were used for correlation and path coefficient analysis. The phenotypic and genotypic correlation coefficients were estimated using the formula suggested by Johnson et al. (1955) and Singh and Chaudhury (1987) . The coefficients of correlation were tested using "r" tabulated value at n-2 degree of freedom, at 5% and 1% probability level, where n is the number of accessions Path coefficient analysis was estimated for morphological traits following the method described by Dewey and Lu (1959) .
rij = Pij + Σrikpkj
The residual effect was determined as described in Dewey and Lu (1959) .
√ -
Where: R 2 = Σpij. rij pij = Component of direct effects of the independent character (i) on dependent character (j) as measured by the path coefficient. rij = Mutual association between the independent character (i) and dependent character (j) as measured by the correlation coefficient.
RESULTS AND DISCUSSION
Phenotypic and Genotypic Correlations of Coffee bean Yield with other Quantitative Traits
Phenotypic Correlation Of coffee bean yield with other Quantitative Traits
Generally, the phenotypic correlation coefficients were lower than the genotypic values, indicating that the influence of environmental factors is lower than the inherent genetic effects (Walyaro and Van der Vossen, 1979). According to Falconer (1989) , significant correlation coefficients among various characters may occur from pleotropic effects of genes or from linkage effects. Generally, negative correlation between two traits implies selection for improving one trait will likely cause decrease in the other trait, whereas for positive correlation, simultaneous improvements of both traits could be achieved (Rangaswamy, 1995) . Associations of yield with other traits at phenotypic level are presented in Table 1 . At phenotypic level, coffee yield per plant showed positive but non significant correlations with height up to first primary branch, average inter node length of main stem, angle of primary branches, leaf length and width, fruit length and thickness, bean length and width, and hundred bean weight. However, coffee yield showed negative and non significant correlations with all other traits. This is in agreement with the findings of Olika et al., (2011) who have reported no significant phenotypic correlation of all morphological characters with coffee yield. Similarly, Seyoum (2003) has reported that yield exhibited significant positive association only with leaf area at phenotypic level. However, in contrast to the current findings, Ermias (2005) has reported that average yield had significant and positive associations with plant height, girth, number of primary branches, canopy diameter and average length of primary branch. Gizachew and Hussein (2017) have also reported that average yield exhibited positive and significant correlations with hundred green bean weight, stem diameter, angle of primary branch, canopy diameter, average length of primary branches, percent of bearing primary branches, leaf length and bean width. The variation might have been attributed to the differences in the study materials and the environments on which the experiments were conducted. 
Genotypic Correlation of coffee bean yield with other Quantitative Traits
Associations of yield with other traits at genotypic level are presented in Table 2 . Coffee yield per tree had positive and significant associations with average inter node length of stem, stem diameter, angle of primary branches, fruit length, fruit width and fruit thickness at genotypic level. On the other hand, number of primary branches, average length of primary branches and CBD reaction showed negative and significant correlation with yield per plant. However, coffee yield had non significant relationships with the rest of the characters. In agreement with the current findings, Ermias (2005) has reported significant and positive associations of coffee yield with plant height stem diameter and fruit length. However, the current findings is in contrast with the same author who has reported positive and significant associations of coffee yield with number of main stem nodes and canopy diameter. The contradictory result might have been due to differences in the age of the test materials and environments. Olika et al. (2011) have also reported significant and positive genotypic correlations of coffee yield per tree with plant height, canopy diameter, and percentage bearing primary branches, fruit length, hundred bean weight, leaf length, bean width and height up to first primary branches.
Generally, in those traits in which coffee yield showed positive and significant correlations, there were interactions in which a gene conditioning an increase in one trait will also influence coffee yield provided that other conditions are kept constant. Thus, growth characters that exhibited positive and significant correlations with yield, namely, average inter node length of main stem, stem diameter, angle of primary branches, fruit length, width and thickness are important yield components to improve coffee yield. Nevertheless, those traits that showed negative and significant correlation with coffee yield such as number and length of primary branches, independent selection should be carried out as selection for such traits may not result in improvement of coffee yield.
Phenotypic and Genotypic Correlation among Other Traits
Phenotypic Correlation among other Traits
Coffee berry disease severity exhibited positive and significant correlations with number of main stem nodes and primary branches. Conversely, CBD showed negative and significant correlations with average internode length of stem and primary branches. On the other hand, this trait had non significant correlations with all other traits. The non significant phenotypic correlations observed between this trait and most of the traits in this study are in agreement with the findings of Ermias Number of primary branches had positive and significant correlations with number of nodes of primary branches and number of secondary branches. This trait manifested positive but no significant correlations with average length of primary branches and canopy diameter. On the other hand, it showed negative correlations with other traits but it exhibited negative and significant correlations only with average inter node length of primary branches and leaf length ( Table 1) . Average length of primary branches exhibited positive and significant correlations with number of nodes on primary branches, average inter node length of primary branches, canopy diameter, leaf length and leaf width. However, this trait exhibited non significant correlations with other traits.
Number of nodes of primary branches had positive and significant association with canopy diameter but it had negative and significant associations with average inter node length of primary branches and fruit thickness. Average inter-node length of primary branches exhibited positive and significant associations only with leaf length, width, fruit length and hundred bean weights, while It had nonsignificant associations with other traits. Both number of secondary branches and canopy diameter exhibited non significant associations with all morphological traits. Leaf length displayed positive and significant associations with leaf width, fruit length, width and hundred bean weights. However, this trait showed no significant associations with other traits. Leaf width also showed positive and significant associations with fruit length and hundred bean weight.
Fruit length had positive and significant associations with fruit width, fruit thickness, bean length, bean width and hundred bean weights. Fruit width showed positive and significant associations with fruit thickness, bean width and hundred bean weight. Both fruit thickness and bean length displayed positive and significant associations with bean width and hundred bean weight. Bean width also showed positive and significant association with hundred bean weight. 
Genotypic Correlation among other Traits
Genotypic correlation coefficients among other quantitative characters are given in Table 2 . Generally, the magnitude of genotypic correlation coefficient was higher in magnitude than its corresponding phenotypic correlation.
CBD severity showed significant and positive correlations with both number of nodes of main stem and angle of primary branches. The positive and significant correlations between CBD severity and these traits suggest that increase in these two traits will result in increasing CBD severity. So selection for number of nodes of main stem and angle of primary branches could seriously affect the improvement of CBD resistance. However, It had negative and significant correlations with plant height, average inter node length of main stem, average length of primary branches, average inter node length of primary branches, number of secondary branches, canopy diameter, leaf length and width, fruit length, width and thickness, bean length, bean width and hundred bean weight. The negative and significant correlations of these traits with CBD severity enable the breeder for simultaneous improvement of the coffee berry disease resistance level and these traits. Average length of primary branches exhibited positive and significant correlations with number of nodes of primary branches, number of secondary branches, canopy diameter, fruit width and fruit thickness. On the other hand, it had no significant associations with the rest of the characters. Olika et al. (2011) have also reported that length of primary branches had positive and strong associations with plant height, average inter nodes length of stem, number of primary branches, leaf length and width, while negative and non significant associations of this trait with bean width, fruit width and thickness, angle of primary braches, number of primary and number of secondary branches.
Number of nodes of primary branches displayed positive and significant association only with canopy diameter. However, it had negative and significant associations with average inter node length of primary branches, leaf length and width, fruit length, width and thickness and bean width and it had no significant associations with other traits.
Average inter node length of primary branches had positive and significant associations with leaf length, leaf width, fruit length, width and thickness, bean width and hundred seed weight but it had no significant associations with other traits. Number of secondary branches had negative and significant associations with leaf length, fruit width, thickness and bean width but it had no significant associations with other traits. Canopy diameter had positive and significant associations with leaf length and width and fruit thickness. Leaf length had positive and significant associations with leaf width, fruit length, width and thickness, bean width and hundred bean weights. Leaf width showed positive and significant associations with fruit width, thickness, bean width and hundred seed weight. Fruit length had positive and significant associations with fruit thickness, bean length, width and hundred bean weights. Fruit width also showed positive and significant associations with fruit thickness, bean length, width and hundred bean weights. Fruit thickness had positive and significant associations with bean length, bean width and hundred bean weights. Bean length and width showed positive and significant association with each other and with hundred bean weight.
Path Coefficient Analysis
Path coefficient analysis was carried out at genotypic level considering coffee yield per plant as dependent character and yield components as independent characters. Each component has two path action viz., direct effect on coffee yield and indirect effect through components which are not revealed by correlation studies. Genotypic direct and indirect effects of different characters on yield are presented in Table 3 . Path coefficient analysis at genotypic level revealed that number of nodes on primary branches had maximum direct positive effect on coffee yield per tree (p= 14.853) followed by average inter node length of primary branches (p= 11.740), average inter node length of main stem (p= 2.868), angle of primary branches (p=1.394) and number of primary branches (p= 1.114). Low magnitude and positive direct effects were also exhibited by bean width (p=0.869), fruit length ((p= 0.779) and thickness (p= 0.429), height up to first primary branch (p=0.432) and stem diameter (p= 0.234) ( On the other hand, number of nodes on primary branches (p=14.853), average inter nodes length of primary branches (p=11.740), number of primary branches (P =1.114) and height up to first primary branch (p=0.432), which had positive direct effect, exhibited negative correlation with coffee yield. The negative correlation they had with coffee yield was mainly due to negative indirect effects via other traits. For instance, the negative correlation of number of nodes on primary branches with coffee yield was due to the negative indirect effect of average inter node length of primary branch, average length primary branches and average internodes length of main stem. Similarly, the negative correlation of average inter node length of primary branches with coffee yield was due to the negative indirect effect of average inter node length of main stem and number of nodes on primary branches. This implies restricted simultaneous selection has to be followed; as restrictions are to be imposed to nullify the undesirable indirect effects in order to make use of the direct effect of these traits. The negative direct effects of plant height, length of primary branches and hundred seed weight in this study is in harmony with the results of Seyoum (2003).
The negative direct effect of canopy diameter and length of primary branch is similar to the report of Ermias (2005) . Conversely, the negative direct effect of number of main stem node, number of secondary branches and canopy diameter in the present study contradicts with the findings the same author. This perhaps could be attributed to the differences in the tested materials, environmental conditions and the physiological responses of the crop under the varying agro-ecologies. However, in conformity of this finding, Seyoum (2003) has reported that canopy diameter and number of main stem nodes exerted negative direct effect on four and three years old coffee trees, ,respectively. Number of main stem nodes, average length of primary branches, and number of secondary branches, canopy diameter, leaf width, and CBD severity had negative direct effects and negative genotypic correlation coefficients. However, of these traits, it is only length of primary branches and CBD severity had negative direct effects and negative and significant genotypic correlation with coffee yield. Therefore, it is evident from these findings that selecting accessions with shorter primary branches and reduced CBD severity level would be effective to improve coffee yield. The residual factor showed that about 90% of the variation in coffee yield was due to the traits considered in the genotypic path analysis, suggesting that the traits were sufficient to explain the variation in coffee yield. 
SUMMARY AND CONCLUSION
Information on the relationship between coffee yield and its components is important for selecting two or more variables contributing to yield. All yield related traits showed non significant phenotypic correlation with coffee yield. However, average inter node length on stem, stem diameter, angle of primary branches, number of primary branches, average length of primary branches, fruit length, fruit width and fruit thickness showed positive and significant genotypic correlation with coffee yield and are important components to improve coffee yield. Besides, most of yield components had significant genotypic correlations among each other, suggesting the possibility of simultaneous improvement these traits. The path coefficient analysis indicated that characters like average inter node length on main stem, stem diameter, angle of primary branches, fruit length, fruit thickness and bean width should be considered for selecting high yielding genotypes. So, in the process of selection much attention should be given to these traits as they are helpful for selection to improve coffee yield.
